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MEDICAL ACCESS CANNULAS

CROSS-REFERENCE TO RELATED APPLICATIONS

[G001]  This application claims the benefit of priority under 35 U.5.C. § 118 from
U.5. Provisional Application No. 82/511,900, filed July 5, 2023, which is incorporaied

by reference herein in ils entirety.

TECHNICAL FIELD

[0002] This disclosure relates generally to medical devices and, more

particularly, to medical access cannulas.

BACKGROUND

[0003] Elongated medical devices, such as guidewires and cannulas, may be
used {o provide access info a vessel, channel, lumen, or other chamber of a subject.
The guidewire or cannula, once placed, may provide an access path for subsequent
therapeutic or diagnostic devices used in the procedure. Manipulating the end of the
guidewire or cannuia to provide proper direction 1o such devices can be difficuit and
can result in damage to nearby tissus. There is a need, therefore, for improved access
devices that provide proper directionality 1o the subsequent therapesutic and diagnostic

devices.

SUMMARY OF THE DISCLOSURE

[0004] Each of the aspects disclosed herein may include one or more of the
features described in connection with any of the other disclosed aspects. Aspects of
the disclosure relagte 10, among other things, systems, devices, and methods for

medical device cannulas.
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[0005]  According io an example, a medical device may comprise a tube
including: a proximal portion; and a distal portion having a slofted section with a
plurality of slols formed therein. A proximalmost siot of the plurality of slols may have
a first length in a circumferential direction about the tube. A distalmost slot of the
plurality of slots may have a second length in the circumferential direction about the
tube. The first length may be smaller than the second length. The medical device may
further comprise a hub coupled o a proximal portion of the wube. Rotation of the hub
is configured to rotate the proximal portion of the tube about a longitudinal axis of the
proximai portion of the iube.

[0008]  Any of the medical devices disclosed herein may have any of the
following features, alone or in any combination. Each slot of the plurality of siots may
extend approximately perpendicuiarly to a longitudinal axis the tube. The siofted
section may inciude a longitudinally extending unsiotied spine. The spine may be 3
first spine, and the slofted section may include a second longitudinally extending
unsiotied spine. Each siot of the plurality of slots may extend between the first spine
and the second spine. The tube may include an array of slots having a first, proximal
portion of slots and a second, distal portion. Each slot of the plurality of siots of the
sacond portion may have approximately a same circumferential length. Lengths of the
plurality of slots in the first portion may taper from a first circumferential length at s
proximal end of the first portion to a second circumferential length at a distal end of
the first portion. The second circumferential length may be grealer than the first
circumferential length. In a relaxed state, the distal portion may include a curvad
portion having a curved central longitudinal axis. In the relaxed state, the fube may
have an approximately “J” shape. A jacket may cover at least a portion of the tube.

The lacket may extend distally beyond a distalmost end of the tube such that the jacket
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forms a distal tip of the medical device. The distal tip may {aper radially inward toward
a distal end of the distal tip. The medical device may further comprise an
electrosurgical component that is configured to advance over the tube. The distal
portion may further include an unsiotted section distal to the siotted section.

(0007 in a further example, a medical device may comprise: a tube including:
a proximal portion; and a distal portion having a slotied section. The slotted section
may include a longitudinally extending unsiotted spine and a plurality of slots extending
from the unsioied spine. In a relaxed stale, the distal portion may include a curved
portion having a curved central longitudinal axis. The medical device may further
comprise a hub coupled to a proximal portion of the tube.

[0008]  Any of the devices disciosed herein may include any of the following
features, alone or in any combinations. The spine may be a first spine. The siotted
saction may include a second longitudinally extending unslotied spine. Each slot of
the plurality of slots may extend between the first spine and the second spine.

{0009 in a further example, a medical device may comprise: a tubs including:
a proximal portion; and a distal portion having an array of slots having a first, proximal
portion of slots and a second, distal portion of slots. Each slot of the second portion
may have approximately a same circumferential length. Lengths of the slots in the first
portion may taper from a first circumferential length at a proximal end of the first portion
to a second circumferential length at a distal end of the first portion. The second
circurmnferential length may be greater than the first circumferential length. The medical
device may further include a hub coupled 0 a proximal portion of the tube.

{00101 Any of the devices disclosed hergin may include any of the following
features, aione orin any combination. In a relaxed state, the distal portion may include

a curved portion having a curved central longitudinal axis.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011]  The accompanying drawings, which are incorporated in and constitute a
part of this specification, illustrate various exemplary embodiments and together with
the description, serve {o explain the principles of the disciosed embodiments.

00121 FIG. 1is a side view of a medical device, according to an embodiment.

{30133 FIG. 2 is a side view of a portion of a shaft of the medical device of FIG.
1, according to an embodiment.

[G014]  FIGS. 2A-2B depict a tube of the shaft of FIG. 2.

[C015]  FIG. 4 depicts the fube of FIGS. 3A-3B if it were cul and unroiled.

[C018]  FIG. 5is a schematic drawing of aspects of the tube of FIGS. 3A-3B.

(00171 FIG. 8 is side view of the portion of the shaft of FIG. 2 with an
accessory device inserted therethrough.

{30183 FIG. 7 is a side view of a portion of an alternative tube for use with the
medical device of FIG. 1.

[G018]  FIG. 8 depicts a portion of the medical device of FIG. 1 with an
slectrosurgical device.

{00207 FIG. 8 depicts an exemplary medical method using the device of FIG.

DETAILED DESCRIPTION

00213 in aspects of the disclosure, a medical device, such as an access
cannula, may have features that facilitate advancing a guidewire through the medical
device and manipulating a position of the guidewire using the medical device. In
embodiments, the medical device may include a flexible distal portion that has a
resting approximately “J" shape. Slots in the distal portion of the medical device may

result in flexibility of the medical device, and the resting “J” shape may be formed by,
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for example, heat-setting or memory forming the distal portion of the medical device.
A stylet (2.¢., a sharp stylet) may be advanced through the medical device {0 straighten
the medical device and to puncture through tissue. A guidewire may be advanced
through the medical device while it has a resting "J” shape, and the “J” shaped medical
device may be rotated via a handie to manipulate the guidewire. The handle of the
medical device may include interfaces for sources of fluids and/or for aspiration, which
may be ransmitied and/or applied via the medical device. The disclosed aspects may
help to allow for smooth puncture of tissue, as well as alraumatic guidewire
manipulation. Furthermore, the medical device may help to provide for electrical
insulation and thermal stability. Aspects of the medical device, such as the slot patiern
at the distal portion of the medical device, may help o provide for increased echogenic
visualization of the medical device.

[0022] The devices disclosed herein may be utilized for medical procedures,
such as endoscopic ultrasound ("EUS") procedures. In some examples, EUS
procedures may be performed (o access structures of a pancreatico-billary of a subject
such as, for example, when endoscopic refrograde cholangiopancraatography
(ERCP) procedures cannot be successfully performed. In aspects, EUS drainage
procedures may be performed under EUS guidance in order to direct a guidewire out
of a papilla of Vater of a subject io perform a rendezvous procedure or in order 1o
directly stent a dilated structure into a subject’s ducdenum or stomach. Access 1o 3
target site may be achieved via trans-gastric or rans-ducdenal punciure into the target
site. For exampie, using the disclosad devices, a user may pass a stylet through the
medical device in order {o punciure into the largel site and thereby access the targst
site. Access may confirmed via fluoroscopic contrast injection andfor aspiration of

bile/pancreatic fluids through the medical device. Additionally or alternatively, saline,
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sterile waler, or another fluid may be injected via the medical device, for example, o
help provide lubrication for a quidewire. After accessing the target site, a guidewire
may be passed through the medical device {o, for example, advance through the
papilia for a rendezvous procedure or 1o secure access for frans-mural stenting. The
guidewire may be directed by rotating the medical device with the medical device in a
“J" shape. Because the medical device may have an afraumatic fip, the manipulation
of the guidewire may be achieved without damaging nearby lissue or shearing the
guidewire. Thereafter, a desired procedure may be performed using the guidewire.

[0023] Both the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restriclive of the invention,
as claimed. As used herein, the terms “comprises,” “comprising,” “includes,”
“including,” or any other variation thereof, are intended o cover a non-exclusive
inclusion, such that a process, method, article, or apparatus that comprises a list of
glements does not include only those elements, but may include other elements not
expressly listed or inherent to such process, method, arlicle, or apparatus. The term
‘diameter” may refer to a widih where an element is not circular. The term
‘circumference” may refer to a perimeter when an element is not circular. The term
“distal” refers {0 a direction away from an operator, and the term “proximal” refers (o a
direction toward an operator. The term “exemplary” is used in the sense of "example,”
rather than “ideal” The term “approximately,” or like terms {e.g., “substantially”),
includes values +/- 10% of a stated value.

{0024} Referring to FIG. 1, a medical device 10 according to an embodiment is
shown. FIG. 1 shows a cross-sectional view of medical device 10. Medical device 10
may be or include an access cannuia, which may provide access 1o a stylet for

puncturing tissue, allow passage of fluids and/or suction, and directstesr a guidewire
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passed therethrough. Medical device 10 may include a shaft 100, including a distal
portion 116 terminating in a distal tip 30 at a distalmost end of shaft 100. Shaft 100
have a iumen 112 exiending therethrough, along a longitudinal axis of shaft 100.
Lumen 112 may terminate distally in a distal opening 114 in distal tip 30.

[0025] A hub 40 may be coupled to a proximal end of shaft 100, Hub 40 may
be similar io hubs that are used with manual fine needie aspiration biopsy needies and
may have any of the properties thereof. Hub 40 may be a component of a handie {e.g.,
incorporatad into a distal end of a handle). For example, hub 40 may be incorporated
into a handle having any of the fealures of handles described in US. Patent
Application No. 17/137,070, published as U.8. Patent Application Publication No.
2021/0205012, which is incorporated by reference harein in its entirety. For example,
the handle may have aulomatic locking features and may facilitate movement of shaft
100. For exampile, hub 40 may have any of the properties of the rotalion assembly of
LS. Patent Application No. 17/137,070. Hub 40 may include a lumen 42 extending
fongitudinally therethrough. Lumen 42 of hub 4C may be in fluid communication with
lumen 112 of shaft 100. A proximal end of lumen 42 may include a fiiting 44, such as
a Luer fitting or other type of fitling. Lumen 42 may be open on a proximal end thereof
at a proximal opening 46, such that a syringe or other device attached to fitling 44 may
be able {0 infroduce fluid into lumen 42 (and, therefore, lumen 112} via opening 46
and/or apply negative pressure/suction. As discussed below, devices such as sivieis
or guidewires also may be passed info opening 46, through lumen 42, into lumen 112,
and out of distal opening 114.

[6026; FIG. 2 shows details of a portion of shaft 100 of medical device 10. Shaft
100 may include a tube 118, Atleast a distal portion 116 of shaft 100 may also include

a jacket 130, discussed in further detall below. Jackel 130 is depicted as being
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transparent in FIG. 2 in order to depict features of tubs 118, howsver, jacket 130 may
have any suitable color, opacity, etc.. Although jacket 130 is described herein as being
disposed on distal portion 116, it will be appreciaied that jacket 130 may extend along
one or morg additional portions of shaft 100 (e.q., along an eniirely of shaft 100},
Lumen 112 (notlabsled in FIG. 2) may extend through tube 118 and through a portion
of jacket 130 {e.q., distal tip 30) thal extends disially of tube 118, Further details of
jacket 130 and distal tip 30 are provided below.

(00271  Tube 118 may be formed from Nitinol or another material that may be
visualized under Xeray {e.g., flucroscopic visualization). Alternatively, tube 118 may
be formed from another material, and other portions of device 10 {e.q., jacket 130)
may be visualized on X-ray. A thickness of a wall of tube 118 and a geomelry of {ube
118 may be such that tube 118 is visible on X-ray, even without a stylet (discussed in
further detail below) or guidewire inserted through lumen 112, Tube 118 may exiend
from hub 40 (FiG. 1) to a proximal end of distal tip 30 (distal tip 30 is discussed in
further detail below). Alternatively, ube 118 may extend along only a portion of shaft
100 and/or may itself form distal tip 30.

[0028] Tube 118 {e.g., a distal portion of tube 118) may include 3 slotied section
120. Proximal portions of tube 118 {(e.q., portions of tube 118 in a proximal portion 150
of shaft 100, shown in FIG. 1) may be unsiotied. Furthermore, a distalmost portion 144
of tube 118 may be unsiolted. Slotied section 120 may include slots 122 extending
through an entire thickness of a wall of tube 118. Slots 122 may be formed by, for
example, laser cutting portions of tube 118. In some embodiments, slotied section 120
may be positioned along & portion or an entirety of distal portion 118 of shaft 100.
FIGS. 3A-3B show a distal portion of tube 118 without jacket 130 and distal tip 30 to

depict further detlails of slolted section 120. FIG. 3B shows tube 118 rotated 90
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degrees aboul a longitudinal axis X of tube 118 with respect to the configurations of
FIGS. 2 and 3A. FIG. 4 shows tube 118 if it were cul paraliel to longitudinal axis X and
flaltened to form a sheet FIG. 4 is mersly illustrative to show features of a pattemn of
slots 122 FIG. © is a schematic, not-to-scale image showing a portion of tube 118 to
dlustrate measurements associated with slots 122,

[0029]  As shown by considering FIGS. 3A-3B and 4 together, tube 118 may
include two arrays 140 of slots 122 separated by two spines 142, Spines 142 may be
portions of tube 118 that extend longitudinally along tube 118 (approximately paraliel
o longitudinal axis X of tube 118) and do not have slots 122 formed therein {i.e., are
unsiotted). As shown in FIG. 4, for lllustrative purposes, tube 118 has been “cut’ so
that one of spines 142 is divided into two pieces 14Za, 142b. However, in medical
device 10, pieces 142a, 142b would not be separate pieces and would be a single
spine 142. Pieces 142a, 142b are mersly labeled in FIG. 4 for ease of illusiration of
the elements of tube 118, Overall shapes of arrays 140 may be symmetrical 1o one
another about a plane Y that extends along the line shown in FIG. 4 of the
‘unrolied’flattened” tube 118 and into and out of the page of FIG 4 (ie,
perpendicular {o the plane of the page). In other words, arrays 140 may be symmetrical
to one ancther about a plane that extends along central longitudinal axis X (FIGS. 3A-
38) of tube 118 and through a center of each spine 144.

[0O30]  Slots 122 may exiend partially around a circumference of tube 118 A
circurnferential direction may refer to a direction around a dircumference of tube 118,
perpendicuiar to a longitudinal axis X of tube 118 at a particular direction {(e.g., &l a
location of each of slots 122). Each array 140 may include a first portion 121 and a
second portion 123. First portion 121 may be proximal of second portion 123. Slots

122 in second portion 123 of array 140 may have approximately a uniform/same length
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extending arcund a portion of a circumference of tube 118, For example, slots 122
may extend slightly less than halfway around a circumference of fube 118. Slois 122
in first portion 121 of array 140 may have varying lengths in a circumferential direction
around tube 118. As shown in FIGS. 3A-4, lengths of slots 122 along a circumferential
direction of fube 118 may decrease moving in a proximal direction along first portion
121 of array 140. Thus, first portion 121 of array 140 may have a tapered shape, such
that circumferential lengths of slots 122 decrease in a proximal direction, and a
circumferential length (a length in a direction of a circumference of tube 118) of spines
142 increases along the proximal direction. More proximal slots 122 of first portion 121
may have a smaller circumferential length than more distal slots 122 of first portion
121

[0031]  As shown in FIG. 2, slots 122 of a first array 140a of arays 140 may
alternate with slofs of a second array 140b of arrays 140 across spine 142, in other
words, a line exiending circumferentially around tube 118 may intersect a slot 122 from
only one of first array 140a and second array 140b. Rephrased ancther way, across
spine 142 from one slot 122 of first array 140a may be a space between siots 122 of
second array 140b. Of note, the siots 122 of FIG. 2 are not necessarily drawn {o scale,
and spaces between slots 122 may be wider in an axialilongitudinal direction than slots
122 (as shown in FIG. 8, which is described in further detail below).

[0032] With reference to FIG. 5, first portion 121 of array 140 may have slots
122 with a circumferential length about tube 118 that gradually increases along a distal
direction from a first length 1243 1o a second length 124h. A first slot 122a having the
first length 124a may be the proximaimost slot of first portion 121, As depicted, a
second slot 122b having second length 124a may be a distaimost slot of first portion

121. The slots 122 disposed between the first slot 1223 and the second siot 122b may

10
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have varying circumnferential lengths betwesn 124a and 124b such that first portion
121 of array 140 may have a {apered shape. As depicted, each of the siots 122 of the
first portion 121 may have a width 126 in an axial/longitudinal direction that is the same
or substantially the same as sach of the other slots 122, In other embodiments, the
width 126 may vary among the siots 122, Each of the slots 122 may be spaced apart
from an adjacent siot by an axial distance 128, Portions of tube 118 between slots 122
may form an approximately ring shape when including portions of tube 118 that extend
across spines 142, In some embodimentis, axial distances 128 may be the same or
substantially the same between slots 122, as depicted. In other embodiments, axial
distances 128 may be varied. Axial distances 128 may be greater than or equal to the
widths 128, This may help {0 ensure that shaft 100 maintains sufficient strength o
prevent or decrease the occurrences of breakage or wear during operation of shaft
100 and/or to facilitate rotation of shaft 100

(0033  Slots 122 of second portion 123 of array 140 may have an approximately
uniform circumferential length. In some embodiments, a circumferential length of slots
122 of second portion 123 may be approximately the same as the second length 124b
of first portion 121 {&.g., the length of distalmost slot 1220). In other embodiments, the
fengths may differ. Axial widths of slots 122 of second portion 123 may be
approximately equal o axial widths 126, and axial distances belween slots 122 of
sacond portion 123 may be approximately equal to axial distances 128.

[0034] The magnitude of the circummferential lengths 124a, 124b of slots 122,
the widths 126 of siots 122, and the axial distance 128 belween siots 122 may be
particularized for the size and/or geometry of shaft 100. In some examples, length
124b may be approximately 0.02 inches {0 approxdmately 0.08 inches, approximataly

0.04 inches to approximately .07 inchss, or approximately 0.0567 inches. In

11
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examples, length 1243 may be approximately 0.005 inches {0 approximately G.011
inches, approximately 8.007 inches (o approximately 0.010 inches, or approximately
0.0088 inches. In some examples, axial width 128 may be approximately 0.0007
inches to approximately 8.0013 inches, approximately 0.0008 inches {0 approximatsly
0.0012 inches, or approximately 0.0010 inches. Axial distance 128 may be
approximately 0.0027 inches to approximately 0.0033 inches, approximately 0.0028
inches to approximately 0.0032 inches, or approximately 0.0030 inches. in examples,
first portion 121 may have an axial length of approximately 0.30 inches o
approximately 0.70 inches, approximately 0.40 inches 1o approximately 0.80 inches,
or approximately 0.505 inches. A distance from a proximalmost end of second portion
123 to a distalmost end of twbe 118 may be approximately .20 inches i
approximately 0.60 inches, approximately 0.30 inches 1o approximately 0.585 inches,
or approximately 0.444 inches. A distance from a distalmost end of second portion
123 to a distalmost end of tube 118 {i.e., an axial width of distalmost portion 144) may
be approximately 0.010 inches to approximately 0.050 inches, approximately 0.020
inches to approximately 0.040 inches, or approximately 0.030 inches. A iptal axial
fength of tube 118 may be approximately 50.0 inches to approximately 90.0 inches,
approximately 40.0 inches to approximately 80 inches, or approximately 68 inches
{e.g., approximately 68.035 inches).

[0035] Reiurning to FIG. 2, jacket 130 may disposed around at least a portion
of tube 118 (2.g., al least around a portion of tube 118 incdluding slotted section 120},
Jacket 130 may extend around an entire circumferance of the portion of tube 118 about
which jacket 130 is disposed. In some examples, jacket 130 may not exiend arcund
proximal portion 150 (FIG. 1) of shaft 100. Jacket 130 may be disposed radially

outward of tube 118. In altematives, jacket 130 may be disposed radially inward of

12
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tube 118. Jacket 130 may be formed of, for example, a polymer, such as a
thermoplastic copolyester (TRPC).

[G0387  Jacket 130 may extend distally of a distaimost end of tube 118 fo form
distal tip 30. As shown in FIG. 2, jacket 130 may taper radially inwardly distally of fube
118 to opening 114, In alternatives, jacket 130 may be a lipped polymer jacket, with
distal tip 30 rounded via machining, melling and reflowing within a tool, or heating to
sofiten followed by reshaping. In  alternatives, jacket 130 may  include
polvtetraflucrosthylene (PTFE), Fluorosthvienepropylene (FEP), or thermoplastic
polyurethanes {TPUs) such as Tecothane® or Pellethanae®. Jacket 130 may further
serve to seal lumen 112 {extending through tulbe 118} from an environment external
to shaft 100, preveniing ingress and sgress of fluids through slots 122, Further
features of distal tip 30 are discussed below, with respect to FIG. 8.

(00371 Distal portion 116 of shaft 100 may be flexible due o slots 122 and 3
fexibility of jacket 130, An arrangement of slots 122 may be such that shafl 100 is
flexible in only one plans. Shaft 100 may be bendable in directions that are
approximately perpendicular o a plane extending through centers of spines 142, For
gxample, as shown in FIG. 2, shaft 100 may be flexible in an up/down direction of the
page but not an in‘out direction of the page. Slots 122 may decrease a siiffness of
distal portion 118 of shaft 100 at the slolted section 120, which may enable such
bending. In particular, the stiffness al the slolted section 120 may decrease in a distal
direction as slots 122 become longer. By tapering the circumferential length of slots
122 from a first length 124a to a second length 124b that is larger than the first length
124a, the bending stress acting on shaft 100 while configured in a bent or J-shaped

orientation may be gradual. The tapering of the circumferential length of slots 122 may
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reduce or avoid locations of concentrated siress. In other words, the tapered shape of
arrays 140 may provide sirain relief.

[0038]  Shaft 100 may be bigsed inio a "J” shape, as shown in FIGS. 1 and 2,
such that shaft 100 has a “J-ip.” In other words, a bent portion 117 of shaft 160 may
bend such that distal tip 30 faces a direction that is approximately perpendicularto a
fine A extending through a proximal portion 150 of shaft 100 and through hub 40 (and
any unbent portion of distal portion 118}, as shown in FIG. 1. Line A may be coaxial
with a longitudinal axis of proximal portion 180 and hub 40, but may not be coaxial
with a longitudinal axis of bent portion 117. A central longitudinal axis of shafl 100 may
exiend through a center of shaft 100 and may follow a curved path at beni portion 117,
Thus, a longitudingl axis of bent portion 117 may have an angle with respect © (i.e.,
be transverse 10} a longitudinal axis of proximal portion 150, A “longitudinal” direction
may refer to a direction coaxial 1o or approximately parallel to the central longitudinal
axis. Described sili another way, bent portion 117 of shaft 100 may bend
approximately 80 degrees. Such a bend is merely exemplary; as shown in FIG. 8,
altermnative bend shapes may be used.

(00397  The resting "J-tip” shape of shaft 100 may be produced by heat selling
{or memory forming) bent portion 117 of shaft 100. For example, the “J-iip” shape of
bent portion 117 may be held by a fixture or a curved mandrel and then bent portion
117 may be submerged in hot fluidized sand. Once cooled via quenching, a
resting/biased shape of bent portion 117 of shaft 100 may be a “J” shape. As shown
in FiG. 2, only a portion of siotted section 120 may be bent into the “J” shape at rest.
Proximal portions of slotted section 120 {including, e.g., first portion 121) may be

straight in a relaxed (resting) configuration.
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{00407 in the relaxed, "J-lip” configuration of shaft 100, a guidewire or cther
flexible accessory device may be inserted into lumen 112 (e.g., via proximal opening
46 of hub 40, shown in FIG. 1). The guidewire may be extended distally out of distal
opening 114. Because a proximal portion of tube 118 is rigid {does not include siots
122} and because distal portion 116 includes spines 142 between arrays 140 of slols
122, shaft 100 may be sufficiently stiff thal, upon rofating hub 40, torque may be
transmitied to bent portion 117 ("J-tip”) of distal portion 118, thereby rotating bent
portion 117 of distal portion 116, In examples, hub 40 may be rotated in a full 380
degree range, and beni portion 117 of distal portion 118 may similarly be rotated in a
full 380 degree range of motion. FProximal portion 150 of shaft 100 and hub 40, as well
as any unbent portions of distal portion 118, may rotate about line A {gbout a
fongitudinal axis of those portions). Distal tip 30 may move circumferentially about line
A. Thus, rotation of hub 40/shaft 100 may enable manipulation of the guidewire
advanced through lumen 112 {e.g., directional steering of the guidewire). In the
relaxed/resting, “J-tip” configuration, there may be no sharp edges on distal portion
118, including distal tip 30, preventing damage to tissue as well as shearing of a
guidewire exiended through lumen 112,

[C041]  With reference to FIG. 8, an accessory device 200 may be inserted into
fumen 112 (e.g., via proximal opening 46 and lumen 42 of hub 40, shown in FIG. 1)
and extended dislally out of distal opening 114. In some examples, accessory device
200 may be a stylet, a needle, an awl, or ancther type of device. Accessory device
200 may be rigid and may have a sharpened distal tip 202. As shown in FIG. 6, when
accessory device 200 is disposed within lumen 112, distal portion 116 may be
straightened by accessory device 200. Distal tip 30 {which, as discussed above, which

may be formed from jacket 130) may have a tapered shapse that provides a smooth
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transition between more proximal portions of shaft 100 (e.g., a portion of distal portion
118 that is proximal of distal tip 30) to accessory device 200, Distal tip 30 may “hug”
accessory device 200, in other words, a distalmost diameter of distal tip 30 may be
only slightly larger than a diameter of accessory device 200, Upon removal of
accessory device 200, distal portion 116 may resume a °J” shape (FIG. 2). Thus, when
accessory device 200 exiends from distal tip 30, & smooth taper may be formed
between an outer diametler of accessory device 200, distal tip 30, and more proximal
portions of shaft 100. A tapered shape of distal tip 30 may facilitale inserting shaft 100
into & larget site after accessory device 200 punctures through #ssue. As discussed
below, accessory device 200 may punclure tissue, and then shaft 100 may be moved
distally through the punclure, such that a portion of shaft 100 that is proximal of distal
tip 30 extends into the tissue (e.q., 10 a target site). The smooth transition of distal tip
30 from accessory device 200 to more proximal portions of distal portion 118 may help
to allow puncturing with minimal tissue tenting.

{00427 FIG. 7 depicts an alternative tube 318 that may be used in the alternative
to lube 118, Unless otherwise statad, tube 318 may have any of the properties of tube
118. Tube 318 may have a slotted section 320. Slotied section 320 may include a
single spine 342 running longitudinally along tube 318, A singie array 340 of siots 322
may be formed. Slots 322 may extend along a circumference of tube 318, terminating
at edges of spine 342, Slots 322 may form a plurality of rings 325 of tube 318, which
are joined logether at spine 342, As compared {o tube 118, more material of tube 318
may be cut away by siots 322, This may provide greater flexibility of tube 318 as
compared o tube 118 and may prevent potential interference between a sharp tip of

accessory device 200 and cut portions of tube 318,
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[0043]  Similarly {o array 140 of tube 118, array 340 may have a first portion 321
and a second portion 323, Like second portion 123, second portion 323 may have
slots 322 of uniform length around a circumference of tube 118, Rings 325 of second
portion 323 may similarly be uniform. Similar to first portion 121, first portion 321 may
have slots 322 with a gradually tapering circumferential length. Circumferential lengths
of slols 322 of first portion 321 may gradually decrease moving in a proximal direction
{to the right in FIG. 7). As compared with slots 122 of fube 118, slots 322 may have a
greater circumferential length, because tube 318 includes only one spine 342. Spine
342 may have an increasingly large circumiereniial tength moving proximally along
first portion 321. As compared with spines 141, spine 342 may have a larger
circumferential length. As discussed above with respect {o tube 118, the tapered
shape of first portion 321 may help {0 provide strain relief.

[0044]  Slots 122 and 322 of tubes 118 and 318, respeclively, may additionally
provide benefils to echogenic visualization of medical device 10, Medical device 10
may be utilized in procedures performed under endoscopic ulfrasound (EUS)
visualization, in which soundwaves may be emitied from a distal end of an endoscope
{not shown). In general, rougher surfaces may have greater echogenic visualization
properties because rougher surfaces diffuse reflection of the sound waves emitted by
an uifrasound transducer. The scatiered sound waves are more likely (o retum o the
ultrasound fransducer when a surface is rough, resulling in increased EUS visibility.
Slots 122, 322 of tubes 118, 318 may resull in diffuse refiection of sound waves that
strike slots 122, 322, thereby producing enhanced visibility under EUS visualization.

[0045]  As shown in FIG. 8, medical device 10 may be used in conjunchion with
or may have an slectrosurgical component 400, As shown in FIG. 8, bent portion 117

may be bent such that a distaimost end of shaft 100 has an angle of greater than 90
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degrees reiative to a straight portion of shaft 100, Electrosurgical component 400 may
include a sheath 410 and an electrosurgical tip 420. Shaft 100 may be disposed within
a lumen 412 of sheath 410. Electrosurgical tip 420 may include a monopolar ring knife.
An electrosurgical generator may be connected o a cautery connection in a handle
{not shown) of medical device 10, and a wire may dsliver energy to electrosurgical tip
420, which may act as a cutting surface. Elecirosurgical tip 420 may have any of the
features disclosed in U.S. Patent Application No. 16/841,813, published as U.S. Patent
Appiication No. 2021/0030480, and incorporated herein in its entirety. Sheath 410 may
be configured {0 be advanced/move over shaft 100 into s targst site. For example,
glectrosurgical component 400 may be advanced over shaft 100 an a guidewire
inserted through lumen 112, cutting and/or dilating tissue as i procseds.
Electrosurgical tip 420 may pass over the guidewire as it advances. Electrosurgical tip
420 may be energized in order to cut (vaporize) tissue during advancement into the
target site.

[0048] Electrosurgical component 400 may have any features of any
slectrosurgical components known in the art. Jacket 120 (shown in FIG. 2) of medical
device 10 may be configured {o slectrically insulate electrosurgical component 400
from tube 118 or 318. Jacket 130 may be thermally stable to withstand heat generated
by electrosurgical component 400 as it culs/vaporizes tissues. Electrosurgical
component 400 may have any of the properties of electrosurgical sheaths, tips, and
associated structures described in U3, Patent Application No. 17/130,070, published
as .8, Patent Application Publication No. 2021/0205012, which is incorporated by
reference herein in its entirety.

[0047; FIG. 9 depicts an exemplary method 500 for using medical device 10.

Method 500 may be a portion of an EUS procedure used {0 access structures of a
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pancreatico-biliary of a subject such as, for example, when an endoscopic retrograde
cholangiopancreatography {(ERCP) procedure cannot be successfully performed.
Method 500 may be performed under EUS quidance in order to direct a quidewire out
of a papilla of Vater of a subject to perform a rendezvous procedure or in order {0
directly stent a dilated structure into a subjects ducdenum or stomach. Access o a
target site may be gchieved via trans-gastric or trans-ducdenal punciure into the target
site.

[0048] in step 502 of method 500, medical device 10 may be advanced to an
access site in a body of a subject. Distal tip 30 may be advanced o the access device
and positioned where a user desires to punclure through lissue/gain access (o atarget
site of the subject's body. In step 504, a stylet or other accessory davice 200 may be
advanced distally from distal tip 30 in order to punciure tissue of the subject’s body. In
some examples, step 502 may be performed with accessory device 200 already
positioned in lumen 112 of shaft 100, either straightening distal portion 118 {(as shown
in FIG. 8} or with accessory device 200 proximal of bent portion 117, such that bent
portion 117 has its relaxed configuration {as shown in FIG. 2}, In other examples, step
502 may be performed without accessory device 200 positioned in lumen 112, and
accessory device 200 may be inserted inte lumen 112 in step 504, In examples, step
502 may include puncturing through a gastric wall or a wall of a ducdenum {a trans-
gastric or trans-duodenal puncture). For example, using the disclosed devices, a user
may pass a stylet through medical device 10 in order o puncture into the target site
and thereby access the target site. In step 506, shaft 100 of medical device 10 may
be advanced through the lissue punctured in step 504, Step 500 may include inserting

portions of shaft 100 that are proximal of distal tip 30 through the punclured tissue.
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{00481 in an optional step 508, fluid may be injected into the target site via lumen
112 {e.q., via lumen 42 and opening 46 of hub 40). For example, contrast fluid may be
injected info the larget site. At any point in method 500, fluids may also be aspiraied
from the target site. For exampie, suction may be applied o lumen 112, and fluids may
be aspirated through lumen 112. For example, step 508 may include confirming
access o a target site by fluoroscopic contrast injection and/or aspiration of
bile/pancreatic fluids through lumen 112, Additionally or ahernatively, saline, sterile
water, or another fluid may be injected via the medical device to help provide
fubrication for a guidewire.

[0050] in step 510, & guidewire or other iype of accessory device may be
insertad into lumen 112 {e.g., via lumen 42 and opening 46 of hub 40). In examples,
accessory device 200 may be removed prior to step 510, In aspects, accessory device
may be removed prior {o step 508 or following step 508. After accessing the farget
site, a guidewire may be passed through the medical device 1o, for exampile, advance
through the papilia for @ rendezvous procedure or 1o secure access for trans-mural
stenting. The guidewire may extend through distal opening 114. Optionally, in step
512, hub 40 or another element of device 10 may be rotated in order to change an
orientation of distal portion 118 {which may have a "J-tip” shape} in order to direct the
guidewire or other accessory device to @ desired location. Steps 510 and/or 512 may
he ulilized to advance a guidewire through the papilia of a subject for a rendezvous
procedure or to help secure access for trans-mural stenting. Because medical device
10 may have an atraumatic fip, manipulation of the guidewire may be achisved without
damaging nearby tissue or shearing the quidewire. Thereafter, a desired procedure
may be performed using the guidewire. For example, slectrosurgical tip 420 may be

activated and/or advanced over the guidewire. in examples, electrosurgical tip 420

20



WO 2025/010239 PCT/US2024/036484

may be deactivated, advanced, and reactivated, or may be advanced while
slectrosurgical tip 420 is activated.

[0051] it wili be apparent to those skilled in the art that various modifications
and varigtions can be made o the disclosed device without departing from the scope
of the disclosure. Other embodiments of the disclosure will be apparent o those skilied
in the art from consideration of the specification and practice of the invention disclosed
herein. His intended that the specification and exampies be considered as exemplary
only, with a true scope and spirit of the invention being indicated by the following

claims.
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CLAIMS

Whatis claimed is:

1. A medical device comprising:
a tube including:
a proximal portion; and
a distal portion having a slotied section with a plurality of slots formed
therein, wherein & proximaimost slot of the plurality of siofs has a firstiength in a
circumferential direction about the tube, wherein a distalmost siot of the plurality of
siots has a second length in the circumferential direction about the tube, and wherein
the first length is smalier than the second length; and
a hub coupled o a proximal portion of the tube, wherein rotation of the hub is
configured {o rotate the proximal portion of the tube about a longitudinal axis of the

proximal portion of the tube.

2. The medical device of claim 1, wherein gach slot of the plurality of slots

extends approximately perpendicularly o a longitudinal axis the tubse.

3. The medical device of any one of claims 1 or 2, wherein the slolted

saction includes a longitudinally extending unsiotied spine.

4, The medical device of claim 3, wherein the spine is a firsi spine, and

wherein the slotted section includes a second longitudinally extending unsiotied

spine.
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5. The madical device of claim 5, wherein each siot of the plurality of slots

extends between the first spine and the second spine.

8. The medical device of any one of the preceding claims, wherein the
tube includes an array of slots having a first, proximal portion of slots and a second,

distal portion.

7. The madical device of claim 8, wherein each siot of the plurality of siots

of the second poriion has approximately a same circumferential length.

3. The medical device of claim 7, wherein iengths of the plurality of slots
in the first portion taper from a first circumferential length at a proximal end of the
first portion {0 a second circumferential length at a distal end of the first portion, and
wherein the second circumferential length is greater than the first circumferential

length.

9. The medical device of any one of the preceding claims, wherein, ina
relaxed state, the distal portion includes a curved portion having a curved central

fongitudinal axis.

10. The medical device of claim 8, wherein, in the relaxed siate, the tube

has an approximately “J” shape.

11, The medical device of any one of the preceding claims, further

comprising a jacket covering at least a portion of the tube.
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12. The medical device of claim 11, wherein the jacket extends distally
beyond a distaimost end of the tube such that the jacket forms a distal tip of the

medical device.

13, The medical device of claim 12, wherein the distal tip tapers radially

inward toward a distal end of the distal tip.

14.  The medical device of any one of the preceding claims, further

comprising an slectrosurgical component that is configured to advance over the

tubs.

15, The medical device of any one of the preceding claims, wherein the

distal portion further includes an unslotted section distal to the slotted section.
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